Abstract. The aim of the present study was to evaluate the efficacy and safety of a combination of intra-arterial and intravenous chemotherapy in the treatment of unresectable, advanced gastric cancer, and assess which patients are likely to benefit from combined treatment. The clinical data of 128 patients diagnosed with unresectable, advanced gastric cancer at The Fourth Hospital of Hebei Medical University (Shijiazhuang, China) from January 2009 to September 2012 were retrospectively analyzed. The patients were divided into two groups as follows: Those who received regional intra-arterial chemoembolization plus systemic chemotherapy (combined group; n= 62) and those who received systemic chemotherapy only (venous group; n=66). The clinical response, overall survival (OS) and toxic effects in the two groups were compared. Univariate and multivariate analyses were performed to identify the primary factors affecting the survival time of patients in the combined group. The overall response rate was significantly increased (35.5%) in the combined group compared with the venous group (19.7%; P= 0.045). The median OS was 14 months in the combined group and 13 months in the venous group, and the 1-year and 2-year survival rates in the two groups were 45.2 and 9.7%, and 40.9 and 6.1%, respectively. There were significant differences between the survival curves (P= 0.044). The median time to progression in the combined group and the venous group was 10 months and 6 months, respectively, and the difference was statistically significant (P= 0.003). Multivariate analysis revealed that tumor-node-metastasis (TNM)-stage and the degree of tumor staining were independent factors affecting OS. No differences in adverse reactions between the two groups were observed (P>0.05). The combination of intra-arterial and intravenous chemotherapy may effectively improve the rate of clinical response, prolong OS and time to symptomatic progression in patients with unresectable, advanced gastric cancer, in particular those with an earlier TNM stage and distinct tumor staining.
Introduction
Gastric cancer is one of most common carcinomas and the second leading cause of cancer-associated mortality globally (1) . Furthermore, gastric cancer has a poor prognosis and the five-year survival rate is <20% (2) . The annual incidence of gastric cancer in China accounts for >40% of the incidence worldwide (3) . As the majority of patients are diagnosed at an advanced stage, numerous patients lose the opportunity for surgery. Previously, the majority of patients received systemic chemotherapy, which was characterized by a low concentration of the drug in the local lesion, little benefit, and numerous side effects. With the development of interventional technology, multiple national and international researchers (4) (5) (6) have demonstrated that intra-arterial chemoembolization through the tumor feeding arteries increases the drug concentration, improves the curative effect and reduces the number of adverse reactions. However, intra-arterial chemotherapy has little effect against circulating tumor cells, which are distributed throughout the body.
In order to solve the problems above, the present study investigated a novel therapeutic concept: A combination of intra-arterial and intravenous chemotherapy for unresectable, advanced gastric cancer, which considers local and systemic aspects to achieve a complementary effect. In the present study, our group retrospectively analyzed the clinical data of 128 patients with unresectable, advanced gastric cancer, in order to compare the short-term effects, long-term effects and adverse reactions in patients who received regional intra-arterial chemoembolization plus systemic chemotherapy (combination group) with those who received systemic chemotherapy only Combined intra-arterial and intravenous chemotherapy for unresectable, advanced gastric cancer has an improved curative effect compared with intravenous chemotherapy only (venous group), and assessed which patients were suitable for combined treatment. Chemotherapy regimens. The combined group and venous group were given paclitaxel, cisplatin and 5-fluorouracil (TCF), modified TCF (paclitaxel, oxaliplatin and 5-fluorouracil/tegafur), folinic acid, 5-fluorouracil and oxaliplatin (FOLFOX) or modified FOLFOX (folinic acid, tegafur and oxaliplatin). A total of 30 patients in the combined group received TCF or modified TCF regimens, and 32 patients received FOLFOX or modified FOLFOX regimens. In total, 32 and 34 patients, respectively, received these treatments in the venous group. Drug dosages were increased or decreased appropriately according to age, physical status and side effects. Chemotherapy was given every 28 days, and all patients received at least 2-3 cycles of chemotherapy.
Patients and methods

Patients
Interventional approaches. The 5F-Yashiro vascular sheath was inserted following percutaneous femoral artery puncture using the Seldinger technique (9), then hooked onto the celiac axis and linked to an external high-pressure injector to perform high-pressure angiography. If the target vessel diameter was smaller than the 5F-Yashiro catheter or was too difficult to super-select for the 5F-Yashiro catheter, a micro godet was used to achieve intubation. The catheter was inserted into the left gastric artery, left under the phrenic artery and splenic artery for cancer of the cardiac and fundus, and through the left and right gastric artery for cancer of the gastric fundus and lesser curvature. For tumors located in the greater curvature, angiography of the gastroduodenal artery, right gastroepiploic artery and splenic artery was performed. Angiography of the gastroduodenal artery and right gastric artery was performed for gastric antrum cancer. Arteries which supplied blood to the tumor were selected, and the target artery was identified for chemotherapy and embolism according to the results of angiography. When liver metastases were present, chemoembolization of the hepatic arteries was performed. Following embolization, angiography was performed to ensure there were no feeding arteries (Fig. 1) . In the present study, each patient underwent at least 1 interventional treatment and the average number of treatments was 2.7. The short-term effects of chemotherapy were evaluated in all patients. samples, liver and kidney function, serum creatinine, blood urea nitrogen, and expression of carcino-embryonic antigen and carbohydrate antigen 19-9 (CA19-9). The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), changes in the NLR following 1 cycle of chemotherapy (cNLR) and changes in the PLR following 1 cycle of chemotherapy (cPLR) were also calculated. The median NLR was 3.43 and the median PLR was 158.53 in the present study. The NLR and PLR were then divided into two groups, and the cNLR and cPLR into four groups, to investigate any influences on the OS of patients in the combined group. NLR was divided using a cutoff value of 3 into two groups (>3 and ≤3), and the PLR was divided using a cutoff value of 160 into two groups (>160 and ≤160). The change in the cNLR was divided into four groups: Unchanged ≤3; increased from ≤3 to >3, decreased from >3 to ≤3; and unchanged >3. Similarly, the change in the cPLR was divided into four groups: Unchanged ≤160, increased from ≤160 to >160, decreased from >160 to ≤160, and unchanged >160.
Adverse reactions. According to the World Health Organization standard for side effects of a couplet anti-tumor treatment (10), the adverse side effects experienced by patients in the combined and venous groups were recorded and evaluated.
Treatment efficacy. In the present study, the curative effect was judged by the New Response Evaluation Criteria In Solid Tumors criteria (11) , and consisted of a complete response (CR), partial remission (PR), stable disease (SD) and progressive disease (PD). Objective response rate (ORR) was calculated as: (CR+PR)/measurable number of cases) x100%.
Statistical analysis. Data were analyzed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). χ 2 and Fisher's exact tests were used to assess qualitative data, and the unpaired Student's t-test was used to assess normally distributed quantitative data. The Kaplan-Meier method was used to calculate the survival time and the log-rank test was used to compare the different groups. The Kaplan-Meier method was also used for univariate analysis, and Cox regression analysis was employed for multivariate analysis. GraphPad Prism version 7 (GraphPad Software, Inc., La Jolla, CA, USA) was used to plot the survival curves. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of general clinical data. Age, sex, tumor site, pathological type, TNM stage, lymph node metastasis and organ metastasis status were not significantly different between patients in the two groups (P>0.05; Table I ).
Comparison of short-term curative effects. Of the 62 patients in the combined group, no patients were rated as having a CR, 22 as having a PR, 30 as SD and 10 as PD. The ORR was 35.5% (22/62). For the 66 patients in the venous group, these figures were 0, 13, 35 and 18, respectively. The ORR was 19.7% (13/66), which was significantly different compared with the combined group (P=0.045; Table II) .
Comparison of long-term curative effects. The survival time of the 128 patients was calculated and the total median (m)OS was 13.5 months [95% confidence intervals (CI)=12.42-14.58]. The mOS was 14 (95% CI=12.19-15.81) and 13 months (95% CI=10.71-15.29) in the combined group and the venous group, and the 1-year and 2-year survival rates in the two groups were 45.2 and 9.7%, and 40.9 and 6.1%, respectively. There were significant differences between the survival curves of the combined group and the venous group (P=0.044; Fig. 2 ).
T h e t o t a l m e d i a n (m)T T P wa s 9 m o n t h s (95% CI=7.60-10.40), and the mTTP was 10 months (95% CI=8.38-11.62) and 6 months (95% CI=3.60-8.40) in the combined group and venous group, respectively. TTP was significantly different between the two groups (P= 0.003; Fig. 3 ).
Univariate analysis of OS in the combined group. The purpose of the present study was to evaluate the efficacy and safety of combined intra-arterial and intravenous chemotherapy in the treatment of unresectable, advanced gastric cancer, and assess which patients are suitable for the combined treatment. Therefore, univariate analysis and multivariate analysis were conducted only for the combined group and only patients from the combined group were represented in the figures. TNM, tumor-node-metastasis; mOS, median overall survival; TCF, paclitaxel, cisplatin and 5-fl uorouracil; FOLFOX, folinic acid, fl uoaclitaxel, cisplatin and 5-fluorouracil; FOLFOX, folinic acid, fluorouracil, and oxaliplatin; CEA, carcino-embryonic antigen; CA19-9, carbohydrate antigen; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; cNLR, changes in the NLR following 1 cycle of chemotherapy; cPLR, changes in the PLR following 1 cycle of chemotherapy.
Univariate analysis revealed that organ metastasis (P= 0.046), TNM stage (P=0.017), CA19-9 levels (P=0.036), NLR (P=0.048), cNLR (P=0.021) and degree of tumor staining (P=0.010) were associated with patient OS in the combined group (Table III) . In patients without organ metastasis, CA19-9 ≤37 U/ml, TNM-IIIC stage, NLR ≤3, cNLR unchanged ≤3 and distinct tumor staining, mOS was significantly increased (Figs. 4-9 ).
Multivariate analysis of OS in the combined group.
Multivariate analysis revealed that TNM-stage (P= 0.025) Overall survival of patients in the combined group with different CA19-9 levels. The median overall survival time of patients with CA19-9 ≤37 U/ml and CA19-9 >37 U/ml was 15.0 and 12.5 months, respectively (P= 0.036). CA19-9, carbohydrate antigen. and the degree of tumor staining (P=0.015) were independent factors affecting patient OS in the combined group (Table IV) .
Comparison of adverse reactions.
A statistical analysis of adverse reactions including myelosuppression, liver dysfunction, gastrointestinal reactions and neurotoxicity was performed. Of these, bone-marrow suppression and digestive-tract reactions were the most frequent toxic reactions. No treatment termination or mortality occurred as a result of toxic reactions in either group. There was no significant difference in the number of toxic reactions between the two groups (P>0.05; Table V) .
Discussion
The concept of interventional treatment for gastric cancer was introduced in the 1980s, and has achieved a positive clinical effect. Interventional methods have developed from single perfusion chemotherapy to chemoembolization, and in order to further improve the curative effect, researchers have attempted to combine intravenous and intra-arterial administration. Zhang et al (12) used an arteriovenous combination of 5-fluorouracil, leucovorin, etoposide, oxaliplatin and epirubicin in patients with unresectable advanced gastric cancer, and Nakajima et al (13) used neo-adjuvant chemotherapy for inoperable gastric cancer via local and general delivery routes. These studies demonstrated that combined treatment significantly improves the local and systemic effects of treatment in patients with advanced gastric cancer.
In the present study, the mOS in the combined group was 14 months, and the 1-year and 2-year survival rates were 45.2 and 9.7%, respectively; shorter than those reported by Shi et al (14) , where the median survival time was 18 months and the 1-year and 2-year survival rates were 76.5 and 33.1%, respectively. Potential reasons for this are as follows: i) The present study is retrospective and the overall response rates were obtained from medical histories, thus, there may have been individual subjectivity and diversity; ii) Of the 62 patients with advanced gastric cancer who underwent regional arterial infusion chemotherapy combined with intravenous chemotherapy, ~58.1% of patients were TNM-IV stage, and 33.9% of patients had organ metastases, thus the overall effect was limited; iii) Patients in the combined group had an average of 2.7 interventional treatments, which was fewer than that in previous studies, including the study by Shi et al (14) , where the patients underwent 7 cycles of interventional treatment on average.
In the present study, the combined group had an advantage in terms of the short-term and long-term effects of treatment compared with the venous group. The main reasons are as follows: i) Regional arterial infusion chemotherapy in the combined group boosted the drug concentration and maximized the effect of chemotherapy. In a study by Zhu and Pu (15) , the concentration of 5-fluorouracil in portal venous blood following intra-arterial administration was 4-40-fold higher than that following venous administration, and high concentrations of 5-fluorouracil were maintained for a significantly longer time period. Therefore, compared with systemic chemotherapy only, combined venous and arterial chemotherapy concentrates the drug in question and prolongs the duration of its effect on tumor cells, resulting in an improved anti-cancer effect. ii) Embolization therapy in the combined group removed the source of the blood supply to Table IV . Multivariate analysis of prognostic factors in the combined group. Multivariate analysis revealed that distinct tumor staining was an independent factor affecting patient OS in the combined group, which is in line with the results of Zou and Tao (17) , who revealed that distinct tumor staining and tumor blood supply consistency were associated with the effect of interventional treatment.
Cancer-associated inflammatory reactions have gained increased attention, and NLR and PLR are important in the prognosis of advanced gastric cancer (18) (19) (20) . The present study emphasized the predictive effect of NLR, PLR, cNLR and cPLR in patients with advanced gastric cancer who received combined intra-arterial and intravenous chemotherapy; and univariate analysis revealed that patients with NLR ≤3 and cNLR unchanged ≤3 had an increased survival time.
NLR comprehensively reflects inflammation and immune status in patients with cancer, and increased NLR induces the inflammatory reaction and reduces anti-cancer activity. This results in the promotion of tumor growth, leading to a poor prognosis (21) . Previous studies have reported that gastric cancer patients, with an elevated NLR have a poor prognosis (21, 22) , which is in accordance with the results of the present study. The mechanisms underlying the predictive function of NLR in the prognosis of patients with gastric cancer is unclear, but may involve the following: i) Increased neutrophil number and function; with evidence suggesting that neutrophils contain and secrete cytokines and enzymes which may stimulate angiogenesis, increase tumor adhesion, inhibit apoptosis and facilitate distant metastasis (23, 24) . Therefore, an elevated neutrophil count may stimulate tumor growth and progression (25) . ii) Decreased lymphocyte count and function: Lymphocytes serve a crucial function in the process of cellular adaptive immunity, which plays an essential role in immunosurveillance, recognition and destruction of cancer cells (26, 27) . Lymphopenia may reduce the anticancer function and lead to a worse outcome for cancer patients (28). Morris et al (29) have reported that a high number of tumorinfiltrating lymphocytes was strongly associated with favorable outcomes in patients with colon cancer, effectively confirming the aforementioned point.
In conclusion, regional intra-arterial chemoembolization combined with systemic chemotherapy in patients with unresectable, advanced gastric cancer is safe and effective, and patients with an earlier TNM stage and distinct tumor staining may achieve an improved clinical benefit. Compared with intravenous chemotherapy, combined chemotherapy in patients with unresectable, advanced gastric cancer has a positive curative effect in the long-and short-term. NLR and cNLR have a predictive effect on prognosis and the curative effect of chemotherapy in patients with advanced gastric cancer, and this inexpensive and convenient means of forecasting should be confirmed by further research and widespread use in the clinic.
